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Abstract ; A systematic study of the possible conformations of methyl acrylate and their stabilities in the ground (5o) and first excited (.Si) 
electronic states has been undertaken using ab imiio and MNDO(AMl) molecular orbital techniques by plotting potential energy curves Methyl 
acrylate was considered as a three rotor system having internal rotation about C-C and C-O single bonds with the possibility of hindered rotation 
of the methyl group. Four stable conformers Cc, Tc, Ct and Tt have been identified in the 5*0 state in increasing order of energy with methyl group 
having staggered conformation with respect to carbonyl group in each case. The enthalpy difference between the two most stable conformers Cc 
and Tc in the 5o state is 0.425 kcal/mol, well within the experimental range 0 43 ± 0.20 kcal/mol, and reduces to 0.32S kcal/mol in the .S'! state 
Unlike acrolein and other conjugated compounds, the conformations remain unchanged on nrr excitation. Geometries of the stable conformers in 
the two states have been optimized using 4-31 G extended basis set The barrier to internal rotation about the C-O bond in So state is larger than 
that about the C-C bond and further increases in the S\ state, Complete Mulliken population analysis has been carried out in the two electronic 
states to identify the possible resonance structures in the .Si state. A theoretical assignment has been provided in CNDO/2 approximation to the 
electronic transitions in Cc and Tc conformers and compared with experimental results.
Keywords Molecular orbital calculations, conformation, methyl acrylkte
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1. Introduction
a , / ^ U n s a t u r a t e d  c a r b o n y l  c o m p o u n d s  s u c h  a s  a ld e h y d e s ,  
k e to n e s ,  c a r b o x y l i c  a c id s  a n d  e s t e r s  h a v e  b e e n  s u b je c t s  o f  
d e ta i le d  in v e s t ig a t io n  b y  s p e c t r o s c o p ic  a n d  q u a n tu m  c h e m ic a l  
te c h n iq u e s .  I t  i s  fo u n d  th a t w h i le  s o m e  o f  s u c h  c o m p o u n d s  
l ik e  a c r o le in  [ 1 , 2 ]  m e t h y l  v i n y l  k e to n e  [ 3 ,4 ]  etc m a y  e x i s t  in  
s-cis a n d  s-trans c o n f o r m a t io n s ,  w ith  th e  s-trans fo r m  b e in g  
m o r e  s t a b le  th a n  s-cis^  th e  s i tu a t io n  is  le s s  c e r ta in  in  th e  c a s e  
o f  m e t h y l  a c r y la t e .  A l t h o u g h  s e v e r a l  s t u d ie s  o f  v ib r a t io n a l  
s p e c t r a  o f  m e t h y l  a c r y la t e  [ 5 ,6 ]  h a v e  s h o w n  p r e f e r e n c e  f o r  
th e  trans c o n f o r m e r ,  m i c r o w a v e  [ 7 ]  a n d  q u a n tu m  c h e m ic a l  
[ 8 ] s tu d ie s  h a v e  p r e d ic t e d  th e  s-cis c o n f o r m e r  to  b e  m o r e  
s ta b le .  N o  s y s t e m a t ic  s t u d y  o f  th e  p o s s ib le  c o n f o r m a t io n s  o f  
m e th y l a c r y la t e  a n d  t h e ir  s t a b i l i t i e s  in  th e  g r o u n d  (5 o )  a n d  
f i r s t  e x c i t e d  ( S | )  nn  e le c t r o n ic  s ta te s  h a s  b e e n  r e p o r te d . 
A l s o ,  n o  t h e o r e t i c a l  a s s ig n m e n t s  h a v e  b e e n  p r o v id e d  to  th e
e le c t r o n ic  s p e c t r a  o f  th e  m o le c u le .  T h e  p r e s e n t  w o r k  in te n d s  
to  f i l l  th is  g a p . W e  r e p o r t  th e  r e s u lt s  o f  o u r  m o l e c u la r  o r b it a l  
s t u d ie s  w it h in  th e  e x t e n d e d  b a s is  ah initio, M N D O  ( u s in g  
A M  1 H a m ilt o n ia n )  a n d  C N D O / 2  f r a m e  w o r k  o n  th e  m o le c u la r  
g e o m e t r y  a n d  p o t e n t ia l  e n e r g y  c u r v e s ,  t h e r m o d y n a m ic  a n d  
p h y s ic o c h e m ic a l  p r o p e r t ie s  o f  th e  e le c t r o n ic  g r o u n d  a n d  f i r s t  
e x c i t e d  s ta te s . E l e c t r o n i c  t r a n s it io n s  h a v e  b e e n  e x p la in e d  o n  
th e  b a s is  o f  C N D O / 2  c a lc u la t io n s  i n v o lv i n g  c o n f ig u r a t io n  
in t e r a c t io n  b e t w e e n  s i n g ly  e x c i t e d  e l e c t r o n ic  s ta te s .
2. Method of calculation
M e t h y l  a c r y la t e  ( F i g u r e  1 )  w a s  c o n s id e r e d  a s  a  th re e  r o t o r  
s y s t e m  in  w h ic h  in te rn a l r o ta t io n  m a y  ta k e  p la c e  a b o u t  
C 1 - C 2  a n d  C 2 - 0 6  s in g le  b o n d s  c o n n e c t in g  c o m p le t e ly  
a s y m m e t r i c  m o i e t i e s  C H = C H 2 a n d  O - C O C H j  a n d  
0 = C C H C H 2 a n d  O C H 3 , r e s p e c t i v e ly  a n d  a l s o  a  r o t a t io n  o f
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t h e  m e t h y l  g r o u p  a b o u t  06-C9  s in g le  b o n d . A  n u m b e r  o f  
c o n f o r m a t i o n s  m a y , t h e r e fo r e ,  t h e o r e t i c a l ly  a r is e  f o r  th e  
m o l e c u le  d u e  to  r o t a t io n  a b o u t  th e  th re e  b o n d s .  In  o r d e r  to  
o b t a in  p o t e n t ia l  e n e r g y  c u r v e s  f o r  a s y m m e t r ic  to r s io n  a b o u t  
C 1 - C 2  a n d  C 2 - 0 6  b o n d s  in th e  e le c t r o n ic  s ta te s  5 o  a n d  
in  th e  A M  1 a p p r o x im a t io n ,  th e  d ih e d r a l  a n g le s  ^ ( C 3 C 1 C 2 0 4 )  
a n d  ^  ( 0 4 C 2 0 6 C 9 )  w e r e  c h a n g e d  f r o m  0 °  to  3 6 0 °  in  
th e  i n t e r v a l s  o f  2 0 °  ( in t e r v a ls  o f  1 0 °  a t  tu r n in g  p o in ts ) .
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/
/
c --------  C;,
\  . 9\
4. Results and discussion
4 I . Conformational studies :
P o t e n t ia l  e n e r g y  c u r v e s  f o r  r o t a t io n  a b o u t  th e  C 1 - - C 2  b o n d  
f o r  th e  g r o u n d  (5 o )  a n d  e x c i t e d  (S\) e l e c t r o n ic  s t a t e s ,  w ith  a 
cis c o n fo r m a t io n  f o r  th e  e s t e r  g r o u p ,  a r e  g i v e n  in  F ig u r e  2 .
Totil Energy (hoal/mol)
\ /
A
Flfcurc 1. Numbering of alom.s of methyl acrylate
T h r e e - f o l d  p o t e n t i a l  f u n c t io n  o f  in t e r n a l  r o t a t io n  o f  
m e t h y l  g r o u p  a b o u t  0 6 - C 9  b o n d  w a s  o b t a in e d  b y  c h a n g in g  
th e  d ih e d r a l  a n g le  <t> ( C 2 O 6 C 9 I 1 1 0 )  in  in t e r v a ls  o f  2 0 °  fo r  
e a c h  o f  th e  s t a b l e  c o n f o r m a t i o n s  c o r r e s p o n d i n g  to  
p o t e n t ia l  m in im a  o n  r o t a t io n  a b o u t  th e  C l  -C 2  a n d  C 2 - 0 6  
b o n d s .  T o r s io n a l  p o te n t ia l  a n a ly s i s  w a s  c o n d u c t e d  a f t e r  
o p t im iz in g  m o l e c u la r  g e o m e t r y  a t e a c h  s t a g e  o f  r o t a t io n  b y  
u s in g  B F G S  [9 ]  m e t h o d . F u l l y  o p t im iz e d  g e o m e t r ie s  o f  th e  
p o s s ib le  s t a b le  c o n f o n n e r s  w e r e  a l s o  o b t a in e d  u s in g  4 - 3 1  G  
b a s is  s e t s . E l e c t r o n i c  t r a n s it io n s  a n d  o s c i l l a t o r  s t r e n g t h s  w e r e  
c a lc u la t e d  in th e  C N D O / 2  a p p r o x im a t io n  u s in g  c o m p u t e r  
p r o g r a m  C N D U V  9 9  [ 1 0 ]  a f t e r  t a k i n g  in to  a c c o u n t  
c o n f ig u r a t io n  in t e r a c t io n  b e t w e e n  s i n g ly  e x c i t e d  s ta te s . Ab 
mitio H a r t r e e  F o c k  c a lc u la t io n s  w ith  4 - 3 1 G  b a s is  s e t  a n d  
M N D O  ( A M I )  c a lc u la t i o n s  w e r e  d o n e  u s in g  c o m p u te r  
p r o g r a m  G A M E S S  [ l l j  a n d  M O P A C  v e r .  6 .0  [ 1 2 ] ,  
r e s p e c t iv e ly .
3 .  C o n f o r m a t i o n a l  n o t a t i o n s
T h e  n o t a t i o n s  u s e d  in  th is  p a p e r  f o r  c o n f o r m e r s  o f  
m e t h y l a c r y la t e  a r e  a n a lo g o u s  to  t h o s e  u s e d  p r e v i o u s ly  b y  
u s  f o r  s u b s t i t u t e d  p r o p a n a l  [ 1 3 ] .  T h e  c o n f o r m e r s  w ith  
r e s p e c t e d  d ih e d r a l  a n g le  ^ ( C 3 C 1 C 2 0 4 )  a r e  d e n o t e d  b y  a  
c a p i t a l  C  (s-cis o r  syn, (p = 0 ° )  o r  T  {s-trans o r  anti, (p =  1 8 0 ° ) .  
R o t a t io n  o f  th e  C\U g r o u p  a b o u t  0 6 - C 9  b o n d  m a y  g iv e  
r is e  to  e i t h e r  e c l i p s e d  o r  s t a g g e r e d  c o n f o r m a t io n s  r e la t iv e  to  
th e  c a r b o n y l  g r o u p . H o w e v e r ,  in  th e  p r e s e n t  c a s e ,  o n ly  
s t a g g e r e d  c o n f o r m a t io n s  a r e  fo u n d  to  b e  m o r e  s t a b le  a n d  
s o  n o  s e p a r a t e  n o ta t io n  is  u s e d  fo r  th e  p u r p o s e .  C o n fo r m a t io n s  
w ith  r e s p e c t  to  th e  d ih e d r a l  a n g le  ^ ( C 2 O 6 C 9 H 1 0 )  a r e  
r e p r e s e n t e d  b y  th e  lo w e r  c a s e  le t te r  c(cis o r  syn, ^  =  0 ° )  
o r  t(trans o r  anti, (p =  1 8 0 ° )  f o l l o w i n g  th e  c a p i t a l  le tte r s  
C  o r  T .
Fiuiirc 2. Poiential energy curves of methyl acrylate for rotation about the 
C1-C2 bond in states .So (scries 1) and .S’l (senes 2). ^(04C206C9) ^ 0" 
and ^(C2O6C9H10) ^ 60°. The ab.scissa is the angle of rotation ^?aboui 
C1- C2 bond relative to trans ( f) con Formation for which the dihedral angle 
^(C’4C2CIC3) ” 180° The ordinates for senes 2 are shiOed by 1 kcal/ 
mol with respect to senes 1
It m a y  b e  s e e n  th a t  in b o th  th e  s ta te s ,  th e  m o le c u le  h a s  tw o  
p o t e n t i a l  m i n i m a  a t  ^ ( C 3 C 1 C 2 0 4 )  ■ 0 °  a n d  1 8 0 °
c o r r e s p o n d in g  to  th e  s-trans a n d  s-cis c o n f o r m a t io n s ;  th e 
la te r  b e in g  m o r e  s t a b le  th a n  th e  fo r m e r . P o t e n t ia l  e n e r g y  
c u r v e s  f o r  r o ta t io n  a b o u t  th e  C 2 0 6  b o n d  in  e a c h  o f  th e  a b o v e  
c o n f o r m a t io n s  a r e  g i v e n  in F ig u r e  3 .  T h e  c o r r e s p o n d in g
Total onargy (kcal/mol)
Figure 3. Potential energy curves for rotation about the C'.2-06 bond for 
the CIS (scrie.s I) and trans (senes 2) conformations of the acrolyl group 
in the Si) state The abscissa is the angle of rotation 0 about the C2-06 
bond relative to the dihedral angle ^(04C206C9) ~ 0° The ordinates for 
senes 2 are shifted by 1 kcal/mol with respect to series 1 Dihedral angle 
^(C2O6C9HI0)
c u r v e s  f o r  th e  5 i  s ta te  a r e  g iv e n  in  F i g u r e  4 . T h e s e  p o te n tia l 
e n e r g y  c u r v e s  a l s o  s h o w  t w o  e n e r g y  m in im a  c o r r e s p o n d in g  
to  ^ ( 0 4 C 2 0 6 C 9 )  == 0 °  a n d  1 8 0 ° .  T h u s ,  a s  p e r  th e  n o ta t io n s  
u s e d , th e  m o le c u le  m a y  e x i s t  in  f o u r  s t a b le  ro ta ^ n e r ic  fo rm s
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C c ,  C t ,  T c  a n d  T t ,  b o t h  in  th e  S o  a n d  S\ s t a t e s .  F u r th e r , it  w a s  
fo u n d  th a t  in  e a c h  o f  th e  a b o v e  c o n f o r m e r s ,  th e  m e t h y l g r o u p  
h a s  a  s t a g g e r e d  c o n f o r m a t io n  r e la t i v e  to  th e  c a r b o n y l  g r o u p  
a s  th e  to t a l  e n e r g y  o f  th e  m o l e c u le  r e d u c e s  b y  a b o u t  1 . 0  k c a l/  
m o l o n  r o t a t in g  m e t h y l  g r o u p  f r o m  a n  e c l i p s e d  to  s t a g g e r e d  
c o n fo r m a t io n .
ToUl Enargy (koal/mol)
Table 1. Total energy, entlialpy difTerence, rotational barrier and ionisation 
potential of diflcrcnt conformers of methyl acrylate in ground (So) and 
excited {S\) slate in AMI.
Figure 4. Potential energy curves for rotation about the C2-06 bond for 
the CIS (senes 1) and trans (scries 2) conformations of the acrolyl group 
in the S| state The abscissa is the angle of rotation 0 about the C2~06 
bond relative to the dihedral angle ^(04C206C9) = 0". The ordinates for 
senes 2 are shifted by 1 kcal/mol with respect to scries 1 Dihedral angle 
^(C2O6C9H10).
T h e  r e la t i v e  e n e r g ie s  o f  th e  v a r io u s  s t a b le  c o n f o r m e r s  o f  
th e  m o le c u le  in  th e  5 q a n d  S\ s ta te s  a r e  g i v e n  in  T a b le  1 .  It 
m a y  b e  s e e n  th a t  in  th e  e le c t r o n ic  g r o u n d  s ta te  th e  e n e r g ie s  
o f  th e  f o u r  c o n f o r m e r s  f o l l o w  th e  s e q u e n c e  C c ,  T c ,  C t  a n d  
T t  in  a n  i n c r e a s in g  o rd e r . O u t  o f  th e  f o u r  p o t e n t ia l  w e l l s  
c o r r e s p o n d in g  to  t h e s e  c o n f o r m e r s  o n l y  th re e , c o r r e s p o n d in g  
to  C c ,  T c  a n d  C t ,  h a v e  s u tT ic ie n t  d e p t h s  o f  8 .2 0 8 ,  9 .6 4 8 ,  
3 . 5 7 4  k c a l/ m o l ,  w h i le  th e  T t  c o n f o r m e r  h a s  a  s h a l lo w  
p o te n t ia l  w e l l  o f  a b o u t  1 . 2 7 4  k c a l/ m o l  d e p th . H e n c e ,  d u r in g  
a  p h o t o i s o m e r is a t io n  e x p e r im e n t  a t  lo w  te m p e r a tu r e s  o n e  
m a y  d e t e c t  th e  p r e s e n c e  o f  o n ly  th r e e  s t a b le  c o n f o r m e r s .  N o  
s u c h  e x p e r im e n t a l  s t u d y  o n  m e t h y l  a c r y la t e  h a s ,  h o w e v e r ,  
b e e n  r e p o r t e d . A s  in  th e  So s ta te , it is  fo u n d  th a t in  th e  e x c i t e d
s ta te  a s  w e l l  th e  m o le c u le  c a n  e x i s t  in  fo u r  s ta b le  
c o n f o n n a t io n s  C c ,  T c ,  C t  a n d  T t ,  in  in c r e a s in g  o r d e r  o f  
e n e r g y .  T h i s  s i t u a t io n  is  d i f f e r e n t  f r o m  th a t  p r e v a i l in g  in  o th e r  
s im i la r  c o m p o u n d s  l ik e  a c r o le in  [ 2 ] a n d  m e t h y l  v i n y l  k e to n e  
[4 ] ,  w h e r e  th e  nrr* t r a n s it io n  r e v e r s e s  th e  s t a b i l i t y  o r d e r  o f  
th e  m o l e c u le  f r o m  trans to  cis. F u r th e r ,  u n l ik e  th e  g r o u n d  
s ta te , th e  T t  c o n f o r m e r  in  th e  e x c i t e d  s ta te  o f  m e t h y l  a c r y la t e  
m a y  b e  m o r e  s t a b le  a s  it l i e s  a t  th e  b o t to m  o f  a  d e e p  p o te n t ia l  
w e l l  o f  3 . 6 2 5  k c a l/ m o l  h e ig h t .
T h e  e n th a lp y  d i f f e r e n c e  b e tw e e n  th e  C c  a n d  T c  c o n fo r m e r s  
in th e  5 o  is  0 .4 2 5  Ic c a l/ m o l ( T a b le  1 ) ,  w h ic h  l ie s  w i t h in  th e  
r a n g e  0 . 4 3  ± 0 . 2 0  k c a l/ m o l  r e p o r te d  f r o m  e x p e r im e n t a l  
m e a s u r e m e n t s  [ 5 , 1 4 - 1 6 ] .  T h e  e n t h a lp y  d i f f e r e n c e  b e tw e e n  
C c  a n d  C t  a n d  T c  a n d  C t  c o n f o r m e r s  a r e  4 . 6 3 5  a n d  4 . 2 1 2
Ground state (/>n) Excited state (.S'l)
Conformation Total Conformation Total
energy
(kcal/mol)
energy
(kcal/mol)
Cc 00" Cc 0 0**
Tc 0.425 Tc 0.325
Cl 4 635 Ct 2 083
Tl 8 798 Tl 5 302
Enthalpy difference (kcal/mol)
Cc-Tc 0 425 Cc-Tc 0 325
C c C i 4 635 Cc-Ct 2 083
Tc-Ct 4212 Tc-CT 1 758
Rotational barriers (kcal/mol)
Ct/fc 2 087 CcAFc 10.363
Tc/Ct 1 622 Tc/Cc 10 038
Cc/CT 8 208 Cc/Ct 5 961
Cl/Cc 3 574 Ct/Cc 3.878
Tc/Ct 9.830 Tc/CT 15 999
Ct/Tc 11 782 Ct/l'c 14 241
fc/Tt 8 602
Tt/Ic 3.625
Ionisation potential (eV)
Cc 11 094 Cc 4 851
I'c 11 079 Tc 4.812
Ct 11 013 O 4 903
Tt 11 003 Tt 5 039
"absolute value 
^absolute value
-28496 210 kcal/mol 
-28417 199 kcal/mol
k c a l/ m o l ,  r e s p e c t iv e ly .  H o w e v e r ,  n o  e x p e r im e n t a l  r e s u l t s  a r e  
a v a i l a b le  f o r  th e s e  c o n f o r m e r s  to  c o n f i r m  o u r  f in d in g s .  T h e  
p o te n t ia l  b a r r ie r  b e t w e e n  C c  a n d  T c  c o n f o r m e r s  a r i s in g  o u t  
o f  ro t a t io n  a b o u t  th e  C 1 - C 2  b o n d  is  fo u n d  to  b e  2 .0 8 7  k c a l/  
m o l .  T h i s  is  m u c h  le s s  th a n  th e  b a r r ie r  ( 8 .2 0 8  k c a l/ m o l)  d u e  
to  r o ta t io n  a b o u t  th e  C 2 - 0 6  b o n d , i.e. b e t w e e n  th e  C c  a n d  
C t  c o n fo r m e r s .  S im i la r  r e s u lt s  h a v e  b e e n  r e p o r te d  f o r  s a tu ra te d  
a c id s  a n d  e s t e r s  [ 1 7 ]  f r o m  e x p e r im e n t a l  m e a s u r e m e n t s  [ 1 8 ]  
w h e r e  th e  r o t a t io n a l  b a r r ie r  a b o u t  th e  C - O  b o n d  is  e s t im a t e d  
to  b e  a b o u t  1 0 - 1 5  k c a l/ m o l .  A s  c o m p a r e d  to  th e  So s ta te ,  nfr 
e l e c t r o n ic  t r a n s it io n s  te n d s  to  r e d u c e  th e  e n t h a lp y  d i f f e r e n c e  
b e tw e e n  th e  f o u r  c o n f o r m e r s  C c ,  T c ,  C t  a n d  T t  in  th e  S\ s ta te  
( T a b le  1 ) ,  w h i le  in c r e a s in g  th e ir  r o t a t io n a l  b a r r ie r s .  T h i s  a d d s  
to  th e  s t a b i l i t y  o f  th e s e  c o n f o r m e r s .  T h e  r o t a t io n a l  b a r r ie r  
b e t w e e n  th e  C c  a n d  T c  c o n f o r m e r s ,  w h ic h  a r e  m o s t  s t a b le  in  
th e  g r o u n d  s ta te , in c r e a s e s  f r o m  2 .0 8 7  to  1 0 . 3 6 3  k c a l/ m o l  in  
S\ s ta te .
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4.2. Optimized geometries .
C o m p le l ly  re la x e d  o p tim iz e d  g e o m e tr ie s  o f  the fo u r s ta b le  
c o n fo rm e rs  C c ,  T c , C t  an d  T t o f  m eth y l a c ry la te  w e re  
o b ta in e d  both  fo r  the e le c tro n ic  g ro u n d  ( 5 q) and e x c ite d  (5 | )  
sta te s  w ith in  th e A M I  fra m e w o rk . T h e s e  w e re  fu rth er 
im p ro v e d  in c a s e  o f  the So s ta te  b y  ex te n d e d  b a s is  4 - 3 1  G  
ab initio H a rtre e  F o c k  c a lc u la tio n s  an d  are  re p o rted  in 
T a b le  2 . It m a y  b e see n  th at both  the se m i-e m p ir ic a l an d  
ab initio m eth o d s g iv e  c o m p a ra b le  g e o m e tr ie s  w h ic h  d iffe r  
b y  n o t m o re  th an  0 .0 0 3  A  in b o n d  len gth  an d  3 °  in b o n d  
a n g le s . T h e  g e o m e tr ie s  o f  C c  an d  T c  c o n fo rm e rs  are  v e ry  
c lo s e  to  th o se  re p o rte d  b y  G a r c ia  et al [ 8 ], d iffe r in g  fro m  later 
b y  an  a v e ra g e  o f  0  0 0 1  A  an d  0 .5 °  in b o n d  length s and b o n d  
a n g le s , r e s p e c t iv e ly . T h e  g e o m e tr ie s  fo r  the C t and T t 
c o n fo rm e rs  h a v e  not b een  re p o rted  earlie r.
4.3. Methyl torsion :
T h r e e - fo ld  p o ten tia l fu n c tio n s  fo r  th e in tern a l ro tatio n  o f  the 
m eth y l g ro u p  ab o u t 0 6 - C 9  b o n d  in the tw o  m o st stab le 
co n fo rm ers  C c  an d  T c  o f  m eth y l ac ry la te , h a v e  b een  ca lcu la ted  
fo r  th e So and  S\ s ta tes . T o ta l e n e rg y  o f  th e c o n fo rm e rs  on 
m eth y l rotation  w e re  o b ta in e d  and p lo tted  a g a in st  th e dihedral 
an g le  ^ ( C 2 O 6 C 9 H 1 0 ) .  S in c e  the p o ten tia l e n e rg y  c u rv e s  for 
both  the c o n fo rm e rs  in th e g ro u n d  an d  e x c ite d  states are 
id e n tic a l, th e c u rv e s  fo r  th e C c  c o n fo rm e r  a lo n e  in th e 5o and 
S\ s ta tes  are  sh o w n  in F ig u r e  5 . U is fo u n d  th at th e m inim um  
o f  the p o ten tia l c u rv e  in a ll th ese  c a s e s  l ie s  at ^ = 6 0 °, 
c o rre sp o n d in g  to  the s ta g g e re d  c o n fo rm a tio n  o f  the m ethyl 
g ro u p  w ith  re sp e c t to  th e c a rb o n y l b o n d . T h e  b a rrie r  to 
in ternal ro tatio n  o f  th e m eth y l g ro u p  in th e C c  and Tc 
c o n fo rm e rs  in the .S'o e le c tro n ic  state  is fo u n d  to b e  0 .8 2 6  and
Table 2. Oplimizcd geometries of difl’erent conformers of methyl acrylate in ground (5"o) and eycited (i'l) states, bond lengths arc given in Angstroms 
and angles in degree.s
Ground state Excited state
Internal
Coordinates
Cc
AMI
Cc
4-31 G
Tc
AMI
Tc
4-31 Cl
Cl
AMI
Ct
4-31 G
Tt
AMI
Tt
4-31G
Cc
AMI
Tc
AMI
Ct
AMI
Tt
AMI
C l -02
C1-C3
C 204
CI-H5
C2-06
C3-II7
C3-H8
06-C9
C9-HI0
C9-1II1
C9-H12
C2CIC3
C1C204
C2CIH5
CIC206
CIC3H7
H8C3C1
C206C9
O6C9H10
06C9H1I
06C9H12
C3CIC204
04C2C1H5
04C206C9
1 467 
1 333 
1 234 
1 101 
1 371 
1 098 
1 004 
I 427 
1 116 
1 116 
1 117
121 5 
129 2
115.2
112.8 
121 8
122 3 
1165 
1099 
109 9 
103 6
00 
180 0 
0,0
I 466 
1 318 
1 211 
1 070 
1 343 
1 070 
1 071 
I 442 
1 077 
1 077 
1 073 
121 1 
125 7
116.0
111.9 
121 5 
121 0 
1197
110.0 
1100 
105 2 
00 
180 0 
00
1 466 
1 332 
1 234 
1 103 
1.372 
I 099 
1.099 
I 427 
I 116 
1 116
1.117 
124 0 
127 6 
1130 
1147
121.7 
122 5 
1165 
109 9 
109 9 
103 6 
180 0 
00 
00
1.466 
1 318 
1 211 
1 070 
1 343 
1 071 
1 070 
1.443 
1077 
1 077 
1 074 
123 9 
123 7 
1137
114.1
121.1
121.5 
1195 
1100 
1100
105.2 
180 0
0.0
00
1 468 
1334 
1.234 
UOO 
1 375 
1 098 
1 101 
1 420 
1 117 
I 117 
1 120 
121 1 
126 6
117.2 
121 7
122,0
122.1
118.7
110.7 
1107 
103 6
00
180.0
180.0
1 478 
1 319 
1 205 
1.068 
1 349 
1 071 
1 071 
1 434
1.079
1.079 
1 074
120.3 
123 0 
1189 
118 1 
121 5
120.8 
126 2
lll.l 
111 1 
1049
00 
180 0 
180 0
1 468 
1329 
1 236 
1 110 
1 372 
I 102 
1 095 
1.415
1.117 
I 117 
1 121 
131 0 
122 6
109.9 
127 I 
120 1
126.2
121.0 
110.7 
1108 
103 4 
180 0
0.0
180.0
1 482 
1 319 
1.206 
1 070 
1 346 
1 071 
1 066 
1 431 
1 078 
1 078 
1,074 
131 2
118.6 
109 6 
123 5
119.4 
125 2 
130 8
lll.l 
111 1 
104 5
180.0 
00
180.0
1 423 
1 436 
1 240 
1 111 
1378 
I 115 
1 115 
1.424 
1 h6 
1 118 
1 118 
126 4 
128 0
115.4 
1129 
123 6 
123 6 
1178
112.8
106.1 
106 0 
0.202 
179 8 
0.185
1426 
1348 
I 232 
1 106 
1 389 
I 114 
1 114 
I 421 
1 116 
1 118 
1 118 
124 9 
130 4
114.6
111.0
123.6
123.6
118.2
112.4 
106 4
106.2 
179 9 
0120 
0.248
1 428 
1 350 
1 239 
1.105 
1.378 
1 114 
1.114 
1 416
1.118
1.119 
1 117
124.0
126.9
118.6
120.9 
123 5 
123 4
118.4
110.7
103.8
110.7 
0 393
178.4 
179.6
1 425 
1.339 
1 230 
1,117 
1393 
1.116 
I 116 
1.407 
1 121 
I 121 
1 210 
132 4
129.1 
1119 
1193 
123 9 
123 9 
1180 
111 0 
1112 
104 5 
179 4 
0.285 
179 I
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0 .8 2 5  k c a l/ m o l ,  r e s p e c t i v e ly ,  w h ic h  d e c r e a s e s  to  0 .7 9 4  a n d
0 .6 4 3  k c a l/ m o l ,  r e s p e c t i v e ly  in  th e  S\ s ta te . T h e  c a lc u la t e d  
h e ig h ts  o f  r o t a t io n a l  b a r r ie r  a n d  t h e ir  r e d u c t io n  o n  e le c t r o n ic
Total Enargy (koal/mol)
Figure 5. Potential energy curves for methyl rotation about 06-C9 bond 
in Cc conformer of methyl acrylate in the ground (scries 1) and first excited 
(series 2) electronic states The abscissa is the angle of rotation 0 relative 
to the dihedral angle ^(C2O6C9HI0) = 0“. The ordinates for senes 2 arc 
shifted by 1 kcal/mol with respect to senes 1.
e x c i t a t io n  a r e  t y p ic a l  o f  th e  m e t h y l  g r o u p  in  a ld e h y d e s  [ 1 9 ]  
an d  k e t o n e s  [ 4 ]  a n d  in d ic a t e  a n  a lm o s t  f r e e  r o ta t io n  o f  th e  
g ro u p . T h e  p o t e n t ia l  e n e r g y  c u r v e s  in  a l l  c a s e s  s h o w  a  
s y m m e t r y  f o r  m e t h y l  g r o u p .
4.4. Population densities, dipole moments and ionisation 
potentials :
M u ll ik e n  p o p u la t io n  a n a l y s i s  w a s  c o n d u c t e d  o n  th e  fo u r  
p o s s ib le  s t a b le  c o n f o r m e r s  C c ,  T c ,  C t  a n d  T t  o f  m e t h y l  
a c r y la t e  in  th e  So a n d  S\ s ta te s . T h e  r e s u l t s  a r e  g i v e n  in  
T a b le  3 .  A  s t r o n g  c o r r e la t o n  is  fo u n d  to  e x i s t  b e t w e e n  th e  
b o n d  o r d e r s  a n d  b o n d  le n g t h s  o f  th e  v a r io u s  c o n f o r m e r s  
in  b o th  th e  e l e c t r o n ic  s ta te s  a s  m a y  b e  s e e n  f r o m  T a b le s  2  
a n d  3 .  A n  in c r e a s e / d e c r e a s e  in  th e  b o n d  le n g th  o n  e le c t r o n ic  
e x c i t a t i o n  i s  a c c o m p a n i e d  w i t h  a  c o r r e s p o n d i n g  
d e c r e a s e / in c r e a s e  in  b o n d  o r d e r s  o f  a l l  b o n d s  l ik e  C 1 - C 2 ,  
C 1 * C 3 ,  C 2 = 0 4 ,  C 2 - 0 6  a n d  0 6 - C 9 .  T h e  e le c t r o n ic  e x c i t a t io n  
te n d s  to  s i g n i f i c a n t l y  r e d u c e  th e  b o n d  o r d e r s  o f  th e  
C 1 “ C 3 ,  C 2 = 0 4  a n d  C 2  - 0 6  b o n d s ,  w h i le  in c r e a s in g  th e  
v a lu e  f o r  C 1 - C 2  b o n d . T h i s  in d ic a t e s  a  s i g n i f ic a n t  c h a r g e  
r e d i s t r ib u t io n  a n d  r e s o n a n c e  e fT e c ts  w it h in  th e  a c r o l y l  
g r o u p  a n d  a  m a jo r  c o n tr ib u t io n  m a d e  b y  r e s o n a n c e  s t r u c tu r e  
o f  th e  t y p e  :
/ \  /
fable 3. Atom 
in AMI
and bond population (q-values) and dipole moments for different conformers of methyl acrylate in ground and excited states
Atom or bontl 
Population
Ground state Excited state
Cc Tc Ct Tl Cc Ic Ct Tt
qCI 6 1913 6 1917 6 2409 6 2092 68118 68132 6 8648 6,8571
qC2 5 6721 5.6709 5.6739 5 6745 5 6842 5 6820 5 6834 5 6777
qC3 6.1309 6.1289 6 1143 6 1536 5 3788 5.3744 5 3824 5 4455
q04 8 3545 8 3492 8 3049 8 3005 8 4533 8 4368 8.4009 8 3849
qI15 0.8456 0 8445 0.8602 0.8425 0 7757 0 7783 07911 0 7668
q06 8 2755 8.2826 8.2510 8 2495 8 2932 8 3007 8.2497 8 2568
qH7 0.8749 0.8769 0.8768 0 8740 0 9037 0 9042 0 9028 0 9076
qH8 0.8631 0 8646 0.8589 0 8781 0.9037 0 9043 0 9028 0 9076
qC9 6 0626 6 0615 6.0720 60710 6.0705 6.0740 6 0728 6 0609
qHIO 0.9153 09147 0 9293 0 9294 0.8900 0.8938 09318 0 9277
qHlI 09154 09148 0.9293 0 9292 0.9179 0 9196 0 8856 0.9259
qHI2 0 8987 0.8998 0.8887 0.8885 09171 09187 0.9320 0.8814
qCI-C2 0.9576 0.9555 0.9484 0 9444 1.1760 1 1694 1 1311
1.1318
qC lC 3 1.9285 1.9324 1.9272 1.9395 1 1793 1 1706 1 1745 1.2073
qC7«04 I.783S 1 7912 1.8189 1 8229 1.6259 1.6428 1 6721 1 6898
qC'2-06 L0220 1 0164 1.0059 1 0060 0 9768 0 9622 0 9775
0 9549
q06-C9 0.9521 0.9510 0 9689 0 9687 0.9559 0.9610 0.9741
0.9830
11 (Debye) 1.60* 2.32 4 43 4 85 5.99 7 64 7.82 9.97
* Experimental value * 1 75D in liquid phase [20]
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Table 4. Electronic transitions in Cc and Tc conformers of methyl acrylate in CNDO-CT(S) approximation.
Cc Tc
Experimental 
Anm(lUg £“)
Calculated 
(lOR £■)
Assignment Experimental Calculated
>iiini(10gf)
Assignment
296" 295 8 (0 80) n-/r* - 306.4 (0.80) n-rr*
240" 231 8 (4 34) ;r-;r* 227.9 (4 53) rc-n*
194 (4 0)* 197.0 (4 06) n-JT* - 194 3 (3.84) n-n*
"In alcoholic solution. ®ln heptane solution
T h e  c a lc u la t e d  d ip o le  m o m e n t s  o f  C c ,  T c ,  C t  a n d  T t  
c o n f o r m e r s  in  A M I  a p p r o x im a t io n  in  So s ta te  a r e  1 . 6 0 D , 
2 . 2 3  D ,  4 .4 3  D  a n d  4 .8 5  D , r e s p e c t iv e ly .  O u r  c a lc u la t e d  v a lu e  
f o r  th e  C c  c o n f o r m e r  is  v e r y  c l o s e  to  th e  e x p e r im e n t a l  v a lu e  
1 . 7 5  D  [ 2 0 ]  in  th e  l iq u id  p h a s e .  E x t e n d e d  b a s is  4 - 3 I G  
c a lc u la t i o n s  p r o v id e  s l ig h t ly  h ig h e r  v a lu e s  f o r  a l l  th e s e  d ip o le  
m o m e n t s  a t 1 . 6 5  D , 2 .6 6  D ,  5 . 5 7  D  a n d  6 .0 2  D , r e s p e c t iv e ly .  
E l e c t r o n i c  e x c i t a t io n  te n d s  to  in c r e a s e  th e  d ip o le  m o m e n ts  
o f  a l l  th e  f o u r  c o n f o r m e r s  to  5 .9 9  D ,  7 .6 4  D , 7 .8 2  D  a n d  
9 .9 7  D , r e s p e c t i v e ly ,  th e r e b y  m a k in g  th e  S] s ta le  to  b e  m o r e  
p o la r  th a n  So s ta te . It  m a y  fu r t h e r  b e  s e e n  f r o m  T a b le  3  th a t 
w h i le  a  r o t a t io n  a b o u t  C 1 - C 2  b o n d  b r in g s  a b o u t  a  s m a ll  
c h a n g e  in  d i p o le  m o m e n t s  o f  th e  C c  a n d  T c  c o n fo r m e r s ,  
r o t a t io n  a b o u t  C 2 - 0 6  b o n d  c h a n g e s  th e  v a lu e  s ig n i f ic a n t ly  
in  T c  a n d  T t  c o n f o r m e r s .  N o  e x p e r im e n t a l  d a ta  is a v a i l a b le  
in  th e  l i t e r a tu r e  f o r  th e  d ip o le  m o m e n t s  o f  th e s e  c o n fo r m e r s  
in  th e  e x c i t e d  s ta te  S\.
4.5. Electronic transitions
T h e  e le c t r o n ic  t r a n s it io n  e n e r g ie s  a n d  o s c i l l a t o r  s t r e n g t h s  fo r  
t w o  m a jo r  c o n f o m i e r s  C c  a n d  T c  o f  m e t h y l a c r y la t e  w e r e  
c a lc u la t e d  in  th e  C N D O / 2  a p p r o x im a t io n  a f t e r  t a k in g  in to  
a c c o u n t  c o n f ig u r a t io n  in t e r a c t io n  b e tw e e n  s i n g ly  e x c i t e d  
s ta te s  i e. a t th e  C N D O - C I ( S )  le v e l .  T h e s e  a r e  g iv e n  in  T a b le
4 . B a s e d  o n  e x p e r im e n t a l  m e a s u r e m e n t s  U n g n a d e  a n d  O r t e g a
[2 1 ] r e p o r t e d  t w o  a b s o r p t io n  p e a k s  in  th e  n e a r  u v - s p e c t r u m  
o f  m e t h y l  a c r y la t e  a t  2 9 5  n m  a n d  2 4 0  n m  in  a l c o h o l ic  s o lu t io n  
w h i le  P e t u k h o v  et al [ 2 2 ]  r e p o r te d  an  a b s o r p t io n  b a n d  a t  1 9 4  
n m  ( l o g  e =  4 .0 )  in  h e p ta n e . A s  m a y  b e  s e e n  f r o m  T a b le  4 ,  
th e s e  p e a k s  l ie  c l o s e  to  th e  c a lc u la t e d  e le c t r o n ic  t r a n s it io n s  
a t  2 9 5 .8  n m , 2 3 1 . 8  n m  a n d  1 9 7 . 0  n m  in c a s e  o f  th e  m o s t  
s t a b le  C c  c o n fo r m e r .  W h i le  th e  2 9 5 .8  n m  b a n d  m a y  b e  
a s s ig n e d  to  a  f o r b id d e n  lo w  in t e n s ity  n-;r t r a n s it io n , th e  o th e r  
t w o  b a n d s  a t  2 3 1 . 8  n m  a n d  1 9 7 .0  n m  a r e  s t r o n g  b a n d s  w ith  
\og€ v a lu e  o f  4 . 3 4  a n d  4 .0 6 ,  r e s p e c t i v e ly  a n d  m a y  b e  
a s s ig n e d  to  ;r - ;r  t r a n s it io n s .  T h e  c o r r e s p o n d in g  b a n d s  in  T c  
c o n f o r m e r  a p p e a r  a l  3 0 6 .4  n m , 2 2 7 . 9  n m  a n d  1 9 5 . 3  n m , w ith  
lo g  r v a l u e s  o f  0 . 8 0 , 4 . 5 3  a n d  3 .8 4 ,  r e s p e c t iv e ly ,  a n d  h e  c lo s e  
to  th e  a b s o r p t io n  p e a k s  o f  th e  C c  c o n fo r m e r .  N o  e x p e r im e n t a l  
d a t a  is  h o w e v e r ,  a v a i l a b le  fo r  th e  T c  c o n fo r m e r .
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